Purpose: Genu varum deformity changes the line of gravity from center of knee towards the medial side. This deviation results in changes in the upper part of the lower extremity that can affect postural control as well as the position and activity of the proximal muscles of the knee joint, like the gluteus medius muscle. Therefore this study aims to investigate the effect of genu varum disorder on the activity of gluteus medius muscle and postural control during single-leg jump-landing exercise. cm, respectively) were enrolled and studied in two groups of genu varum (14 students) and normal ones (14 students). The activity level of gluteus medius muscle and the ground reaction force were measured using electromyography device and force plate, respectively in single-leg jump-landing exercise. In order to analyze the data, we used the Independent t test at significance level of P<0.05. Participants were asked to perform the single-leg jump-landing exercise with 50% of maximum vertical jump and land on the force plate using one leg. The RMS of gluteus medius muscle was measured using MATLAB software.
Introduction
enu varum is known as one of the most common lower limb abnormalities. This abnormality affects postural control through producing pronation torque on the ankle and leg joints [1] . In normal standing mode, the center of gravity or the mechanical axis of the lower limb passes through the center of the knee joint, in such a way that the weight is roughly and evenly distributed over the medial and lateral parts of the knee [2] . In genu varum disorder, the direction of forces applying to the knee is changed which causes the gravity line moves to the medial part of the knee [3] . Genu varum abnormality changes the foot position, increases subtalar pronation joint torque during contact with the ground, and increases the postural sway [1, 4] . Previous research showed that people with genu varum have poor stability. Nyland et al. (2002) reported that genu varum abnormality affects the location of the center of pressure and mechanical balance control during the single-leg balance. The people with this abnormality use different posture dynamic control strategies during single-leg standing [5] . Samaei et al. (2012) also reported that genu varum abnormality increases posture sway in the medial-lateral directions in both static and dynamic modes, compared with those having normal knees [6] .
Most studies conducted on stability in people with genu varum were conducted in a static state [5] . Kelby et al. [7] suggested that standing position does not effectively challenge nervous-muscular system in sports, recreational, or even in daily activities. The most dynamic types of activities, like jump-landing task may be a more accurate tool for evaluating the neuromuscular system during single-leg activities. Few studies that have been conducted in dynamic mode, used tests that lacked functional features [6] . When the relationship between muscle function and stability is considered, the main focus is usually on the muscles around the knee [8, 9] . However, the proximal muscular structure of the lower limb can play an important role in maintaining stability. Studies show that one of the important muscles in the function of individuals in balance, especially in single-leg movements is gluteus medius muscle [10, 11] . Gluteus medius muscle is known as the main hip abductor and plays an important role in maintaining pelvic and trunk stability during single-leg exercises [11, 12] . Inefficiency or weakness of this muscle during dynamic movements may affect the stability, especially on the frontal plane. Studies have shown that gluteus medius muscle stabilizes the pelvis during single-leg standing and plays an important role in controlling the kinematics of the hip joint [13] . Inefficiency or weakness of this muscle during landing causes more medial adduction and lead to increase in the knee torque. Insufficient control of the musculoskeletal system on the pelvis due to the weakness of the gluteus medius muscle may affect the dynamic stability of postural control of the lower limbs [1] . Lee et al. (2012) reported that gluteus medius plays an important role in maintaining the dynamic postural stability in medial-lateral direction [14] . Since the abnormalities of the genu varum occurs on the frontal plane, it seems likely that changes in gluteus medius muscle activity are seen in patients with this deformity in order to maintain balance. However, in this regard, no research has been conducted. Considering what were discussed, the researchers in the present study aimed to investigate the changes in dynamic stability and the level of activity of the gluteus medius muscle in people with genu varum during the single-leg jump-landing task. , respectively) participated in this study in two groups of genu varum (n=14) and normal knee (n=14). Subjects with a history of neuromuscular-skeletal disorders, operation or fracture in the lower extremity over the past six months, and other lower limb abnormalities were excluded from the study. Before participation, the study protocol was explained to the subjects and they all signed the consent form. To evaluate the genu varum, the subjects were asked to put their legs together. If the distance between the two medial knee condyles in each subject was more than 3 cm, he was considered as having genu varum knee [6] . Then the subjects were divided into groups according to their knees' condition.
Materials and Methods

Study subjects
Data collection
Instrument
Triaxial force plate (MIE model, manufactured by Bertec Corp, UK) was used for recording and measuring Ground Reaction Force (GRF). GRF was used to calculate the time to stabilization and detecting the first contact with the ground. Information regarding GRF was registered using the force plate at a sampling rate of 200 Hz [15] . The Sargent jumping device was used to measure the maximum vertical jump. The electromagnetic data of gluteus medius muscle were collected using an electromyographic device (MIE model, Made in UK). This information was collected at 1000 Hz sampling rate [16] . To collect data simultaneously, the electromyographic device was synchronized with the force plate.
Test run method
After measuring and recording descriptive information of subjects, the hair over gluteus medius skin was shaved and the skin was cleansed with alcohol. Then dipole AG-AGCL 10-mm diameter surface electrodes were placed (with the center-to-center distance of 2 cm) on the bulk of the gluteus medius muscle. The electrodes were placed on half the distance between the greater trochanter and the outermost part of the iliac crest on the dominant leg parallel with the direction of the muscle fibers ( Figure 1 ) [16] . To be ensured of the stability of the electrodes during the test, they were adhered with glue to the skin. We were paid special attention to the electrodes positions on the skin in order not to be dislocated. To investigate the correct location of the electrode, EMG muscle signals were evaluated during manual muscle testing.
Jump-landing protocol
To perform the jump-landing task on the force plate, initially it was necessary to calculate 50% of the maximum vertical jump of the subjects. For this purpose, the subjects were given the maximum vertical jump test using the Sargent jump digital device. To perform this test, the subject stood under the Sargent jump digital device and raised his hands as much as possible without disconnecting his heels from the ground. This measurement was considered as the standing height of the subject. While the subjects were standing under the device with two feet, they were asked to do their maximum jump and land on two feet. This height was recorded as the maximum vertical jump. Each subject was asked to perform the vertical jump three times and after recording all three measures, the maximum number was recorded as the maximum vertical jump of the subject.
After this step, the maximum isometric contraction test of gluteus medius muscle was administered to normalize the EMG data. The subjects lied on the side for maximum contraction of gluteus medius muscle in a way that the dominant leg be on top and the entire body be placed in the same direction. The dominant leg hip had no abduction/adduction or medial/lateral rotation. To make the move better, the non-dominant leg was put in a bending position. Resistance was applied to avoid thigh abduction on the outside of the knee [17] .
Then the subjects performed the jump-landing task. After measuring the maximum vertical jump of subjects and maximum voluntary contraction testing, the subjects were prepared to perform the jump-landing task. The maximum vertical jump of the subject was divided into two and 50% of the maximum vertical jump of the subject was calculated. Then a sign was marked next to the force plate device equivalent to 50% of the maximum jump of subjects. The subjects were trained to stand behind the mark placed 70 cm from the center of the force plate with bare feet [18] . Then they were asked to jump with two legs and touch the mark equivalent to a maximum of 50% jump with one hand and land on the plate with the dominant leg. The dominant leg selected as the leg the subjects used to shoot the ball. As soon as landing on the force pale, the subjects (who were already trained) put their hands over the pelvic area, hold their head high and look forward, and stand motionless for 20 seconds (Figure 1 ) [19] . If the subject hopped on the force plate, or touched the force plate with the other leg or did not touch the sign of 50% of maximum jump with the hand, that jump was discarded. Before executing the protocol, the subjects were allowed to practice the landing jump several times to get familiar with its conditions and procedure. Usually, the subjects needed to jump 3 to 5 times to know what to do. Each subject performed the jumplanding task three times. In order to prevent fatigue, 2 
Data analysis
MATLAB software was used to calculate the time to stabilization. The time to medial-lateral and anterior-posterior stabilization was calculated by the range of variation method explained by Ross et al. [19] . To calculate the time to stabilization, the reaction forces at first two intervals of 5-10 and 10-15 seconds were considered. Then the range of these two intervals which include changes in reaction forces, were calculated and the range with smaller reaction forces variation was selected as the time interval in which the subject has a favorable stability. The largest number of this time interval is the horizontal line inserted over reaction forces. In fact, this horizontal line represents the stability state of the subject. Then, the force reaction data turned into absolute values and a cubic polynomial graph was placed over the components of the reaction force from the point of maximum reaction force. The time to stabilization in each component of the reaction force is the point where the third-order polynomial equation transects the horizontal line. MAT-LAB accurately calculated the time to stabilization by solving the third-order equation derived from the cubic polynomial graph equivalent to the horizontal line numbers over the reaction forces. The range of variation of GRF within the last 10 seconds of the single-leg stand of jump-landing task was calculated for medial-lateral and anterior-posterior components.
To control weight variable, the reaction forces in both directions were divided on subject's weight and was considered as the reference variable. The line of horizontal range variation, which shows the smallest complete range variation value of ground force reaction is inserted over the data.
Then the third-order polynomial graph was plotted. Time to stabilization in each components of the reaction force is the point where the cubic polynomial graph transects the horizontal variation range line (Figure 2 ).
Time to stabilization was calculated in all three times of the subject test in both Medial-Lateral (MLTTS) and Anterior-Posterior (APTTS) directions and then the average time in three runs was registered as the time to subject's stabilization in that direction. After calculating both APTTS and MLTTS, the Resultant Vector to stabilization (RVTTS) was calculated using the following formula:
Although the time to stabilization in the Anterior-Posterior (APTTS) and Medial-Lateral (MLTTS) directions are usually reported separately, recently, the Resultant Vector to stabilization (RVTTS) variable is reported too to provide a unified stability assessment from both movement planes [20] . It is believed that an overall stability index is the best determinant of the general ability of individuals to maintain balance [21] . Average values of the Resultant Vector to stabilization (RVTTS) were calculated for each subject.
Electromyographic data processing was done by MAT-LAB mathematical software. For analysis of raw electromagnetic waves, the RMS calculation method has been used. To show muscle activity during single-leg jump-landing task, RMS electromyography data were collected from 100 ms before [11] and 200 ms after the first contact of the foot with the ground [16] .
Time interval of 100 ms before and 200 ms after landing was selected, because muscle activity before landing is a predictive measure of muscle contractility. Before the foot touches the ground on the landing motion, the muscles of the lower limbs are activated to absorb the contact forces. In order to reduce the amount of GRF, the body should predict landing and be prepared through muscle contraction. Inability of the body to produce eccentric and predictive contractions of lower limb muscles dramatically increases GRF and also the time to stabilization.
The initial contact of foot with the ground is defined as the time in which the force plate shows the vertical component of the ground force reaction [10] .
RMS was calculated using the maximum isometric volumetric contraction data at the same time interval (100 and 200 ms). Then the RMS was normalized by dividing RMS before and after the contact over the maximum isometric voluntary contraction. Electromyographic information was filtered by high-pass and low-pass filters.
Statistical analysis
The mean values of the time components to overall, anteriorposterior, and me d ial-lateral stabilization between research groups were compared using t test. The Multivariate Analysis of Variance (MANOVA) was used to compare muscle activity levels between two groups. SPSS version 19 was used for data analysis. Alpha level of P<0.05 was used for all statistical tests.
Results
Time to stabilization
There was no significant difference with regard to demographic data, which include age, height, and weight between the subjects (Table 1) . Times to overall, mediallateral and anterior-posterior stabilizations are presented in test groups. Comparing the values of the time to recorded stabilization showed no significant difference between the two groups in the anterior-posterior direction (P>0.05). But, time to stabilization in the medial-lateral and the overall state in the genu varum group was significantly higher than those in the normal knee group (P<0.05) ( Table 2 ).
Gluteus medius muscle activity
The activity level of the gluteus medius muscle at 100 ms before and 200 ms after the initial contact in the nor- mal knee group was significantly higher than that of genu varum group (P<0.05) ( Table 3 ). In addition, the activity level of the gluteus medius muscle in both groups after the first contact was significantly more than that before the first contact ( Figure 3 and 4) .
Discussion
The findings of this study showed that genu varum deformity affects dynamic stability index in the mediallateral and overall stability index during single-leg jumplanding task, but it does not affect the anterior-posterior stability index. Samaei et al. (2012) reported that people with genu varum have lower dynamic and static stability in the medial-lateral direction, but their overall dynamic and static stability and the anterior-posterior stability were not different from normal knee subjects [6] . Nyland et al. (2002) also reported that people with genu varum use different dynamic postural control strategies during single-leg standing [5] . According to these studies, genu varum disrupts stability. Though previous studies have investigated the effect of genu varum a on the postural control, but a few research studies conducted in relation to stability in these individuals, have used tests which are either done in static mode [5] or tests which have not been largely functional [6] . In the present research, the jumplanding test has been used which is a common movement of many sports and is a completely functional exercise.
Our results showed that postural sway in the anteriorposterior direction (Sagittal plane) may not be affected by genu varum deformity, while stability in the medial-lateral direction (frontal plane) can be affected by this abnormality. Genu varum abnormality occurs on the frontal plane. Therefore, it is logical that there would be no effect in the anterior-posterior directions with regard to the time to stabilization for the genu varum abnormality, because this abnormality affects more the medial-lateral movements than the anterior-posterior movements. But in the medial-lateral direction, the time to stabilization of the genu varum group was more than normal knee group and the difference was significant. Time to stabilization in general stability mode in the genu varum group was more than normal knee group and the difference was also significant.
Time to stabilization in general stability state is influenced by both medial-lateral and anterior-posterior directions, but in this study the effect of medial-lateral direction was more on this state which made the time to stabilization to be significant between the two groups in this case. Stability is affected by various factors. One of these factors is weak neuromuscular control [22, 23] . Therefore, one of the reasons for the weaker stability in the genu varum group is the lower muscle activity, however, the role of certain muscle groups for the balance is not well defined. Moreover, little attention is paid to the role of the muscles surrounding the hip in dynamic stability. Our main finding was that EMG activity of gluteus medius muscle before and after landing in the normal knee group was significantly more than that the genu varum group. We investigated muscle activity before and after landing for several reasons. Muscle activity before landing is a measure of contractility of the predictive muscle. While delayed muscle response to stretch stimulation is related to the response time necessary to react appropriately to the knee abduction. Proactive muscle activity is an important variable which should be considered. Muscle activity after landing, how muscles respond to forces, and applied torques occur as a result of the GRF [16] .
Gluteus medius muscle is the main abductor of the hip and is essential for hip stability. Improper function of this muscle will result in the lower limb dynamic dysfunction during single-leg standing [11] . From a biomechanical point of view, gluteus medius moment arm is longer than other muscles of the lower limb (i.e., invertor and evertor muscles) which control the movement of the frontal plane. Also hip abductors are effective in changing the center of gravity in response to medial-lateral disturbances [24, 25] . For example, Gribble et al. reported that fatigue of the hip muscles leads to a reduced function of one-leg standing balance, particularly in the medial-lateral direction [26] . Also, Miller et al. reported that proximal muscles are more important than the distal muscles of the ankle in maintaining the center of gravity [27] . In addition, Hubbard et al. reported that function of the hip abductor muscles is related to dynamic balance function in adults [28] . Moreover, Lee et al. (2012) reported that gluteus medius muscle is associated with the dynamic stability in medial-lateral direction [14] .
People with genu varum show lower gluteus medius activity compared to that in normal people. This may prevent proper pelvic stability during landing and increase dynamic deviation from normal stance which leads to dynamic postural instability. Therefore, the observed difference in the level of gluteal activity could be responsible for the differences observed in postural stability in the medial-lateral direction between two groups. Genu varum may modify the function of the gluteus medius muscle. A few studies have investigated the direct effect of the genu varum on gluteal function. It was shown that genu varum leads to an increase in the medial rotation of the femur [29, 30] . This medial rotation may modify the function of the gluteus medius muscle and reduce the control over the hip and increase the dynamic deviation of the lower limbs from normal stance during functional activities [31] . Increased medial femoral rotation probably leads to higher demand for power generation to control the hip and pelvis and reduced activity of the gluteus medius muscle may decrease frontal and transverse planes control during functional activities. The relationship between genu varum and gluteus medius muscle may be explained through the effect of this abnormality on the moment arm level of the muscles. Standing on single leg requires hip abductors to generate high abducting power to maintain pelvic stability, because the gluteus medius moment arm is smaller than the body arm moment working in the hip [32] . If genu varum reduces the effect and force produced by this muscle, attaining pelvic stability may become very difficult.
Overall, our findings showed that people with genu varum have weak postural stability in general and the medial-lateral directions. These findings also showed that genu varum may reduce the activity of the gluteus medius muscle. This can increase the demand on the muscle for maintaining hip and pelvic stability. These biomechanical and neuromuscular changes may reduce the control over the transverse and frontal planes of the hip and affect the postural stability in the medial-lateral direction. Weaker postural stability in people with genu varum in the medial-lateral direction in dynamic movements can be due to the inappropriate activity of the hip. Therefore, improvement of the gluteus medius muscle function may improve the control of medial-lateral posture in people with genu varum.
